About 500 plants belong to the genus Artemisia. 1, 2) Most Artemisia herbs are perennials, growing in the northern hemisphere 3) and are used for various purposes, such as medicine, food, spices, food and ornamentation. The medicinal effects of Artemisia herbs are extremely diverse and include the following: cell protection from peptic ulcers, 4) liver protection, 5, 6) anti-malarial 7) and anti-tumor effects. 8) Among Artemisia herbs, A. princeps, A. argyi, A. capillaris, and A. iwayomogi are important medicinal materials in traditional medicine in Asia.
In Korea, A. princeps and A. argyi are classified as the same Artemisia herb, called 'Aeyup'. 9) Without discrimination between A. princeps and A. argyi, both plants have been used in traditional Korean medicine for the treatment of colic pain, vomiting and diarrhea, and irregular bleeding from the uterus. 10) On the other hand, A. capillaris and A. iwayomogi are classified as 'Injinho' and 'Haninjin', respectively, and have been used in China and Japan for anti-inflammation and diuresis. 11) For discrimination of medicinal plants, subjective identification methods, based on the plants morphological features, are generally used. With these methods, however, it is very difficult to discriminate between medicinal plants. For instance, young leaves of A. capillaris, harvested particularly in early spring and classified as 'Myun-injin', 9) are not easily distinguished from those of 'Aeyup'. Therefore, a part of 'Injinho' is distributed as 'Aeyup' in the market of traditional Korean medicine. Also, some 'Haninjin' is distributed as 'Aeyup'. Furthermore, instead of 'Aeyup', 'Haninjin' and 'Injinho' are sometimes used for medicinal prescriptions. To solve this problem, an efficient discrimination method, which can be utilized to identify Artemisia herbs, is needed.
Various molecular biological techniques, utilizing the different genetic information of organisms, are employed for species discrimination of plants. In particular, random amplified polymorphic DNA (RAPD) analysis have been used for this purpose.
12) The advantages of the RAPD technique are that it is simple to carry out and can be completed within a short time. 13) However, because the RAPD technique is sensitive to PCR conditions, reproducibility of RAPD results is low. To overcome this problem, Paran and Michelmore 14) suggested a sequence characterized amplified region (SCAR) marker.
In this work, we developed a reproducible SCAR marker, based on the PCR product amplified by a non-specific primer for RAPD, to efficiently discriminate A. princeps and A. argyi from other Artemisia herbs, particularly from A. capillaris and A. iwayomogi.
MATERIALS AND METHODS

Plant Materials
The following 17 fresh leaf samples, presented in Table 1 removed using 10% cetyltrimethyl ammonium bromide (CTAB) and 0.7 M NaCl. PCR Amplification for Analysis of RAPD The PCR was carried out according to the method of Williams et al., 13) using a T-personal cycler (Biometra, Germany) via mixing 600 nM UBC primer (University of British Columbia, Canada), presented in Table 2 , and 1 U Taq polymerase (ABgene, U.S.A.) and 50 ng of genomic DNA extracted from each samples. In the PCR process, pre-denaturation was conducted at 94°C for 5 min and denaturation was performed at 94°C for 30 s. The annealing process was carried out at 37°C for 30 s and the extension was performed at 72°C for 1 min and, finally, the reaction was carried out at 72°C for 10 min. After the separation of the amplified products on 1.5% agarose gel, the gel was stained with EtBr (Sigma, U.S.A.). The amplified products were analyzed using the MyImager (Seoulin Biotechnology, Korea).
Nucleotide Sequencing of PCR Products A PCR amplification product separated from agarose gel was cloned using the pGEM T-easy vector I (Promega, U.S.A.) or the pDrive cloning kit (Qiagen, Germany). The nucleotide sequences of the subcloned PCR products were determined by Company Bionex (Korea).
RESULTS
Discrimination of Artemisia Herbs by RAPD Analysis
First, we tested whether Artemisia herbs grown in Korea, including A. princeps, A. argyi, A. capillaris, and A. iwayomogi, could be efficiently discriminated through RAPD analysis using non-specific primers. Since many A. argyi samples are not collected in Korea, one sample from China was used in this work. As a result of RAPD, using 31 nonspecific UBC primers (Table 2) , 11 primers including 354 and 357 showed polymorphism among Artemisia herbs (Fig.  1) . Based on the RAPD results, we then analyzed the phylogenetic similarity of Artemisia herbs and constructed a phenogram with UPGMA (unweighted pair-group method with arithmetic average) using the NTSYS (numerical taxonomy and multi analysis system) program (Fig. 2) .
15) The phenogram consists of three groups: A. princeps (lanes 1-3) and A. argyi (lanes 4, 5) belong to group I, A. capillaris (lanes [6] [7] [8] [9] [10] Sequencing of PCR Products from A. princeps and A. argyi Among the non-specific primers that showed polymorphism between the Artemisia herbs, primer 329, in particular, generated strong amplified products of 800-850 bp in size, specifically to A. princeps and A. argyi (Fig. 3) . Based on the nucleotide sequences of the amplified products, we attempted to design primers that could not only efficiently discriminate A. princeps and A. argyi from other Artemisia herbs, but that would also be available for PCR amplification 630 Vol. 29, No. 4 using fragmented genomic DNA prepared from samples in a dried state. Thus, after sub-cloning the amplified products of primer 329, the nucleotide sequencing of the amplified products was determined (Fig. 4) . We registered the determined nucleotide sequences of the amplified products of 838 bp to NCBI (AY485210 and AY485209) and confirmed a 97% similarity between the sequences of the primer 329 amplified products of A. princeps and A. argyi. SCAR Marker Development of A. princeps and A. argyi from Other Artemisia Herbs Based on the sequences of the amplified products of primer 329 from A. princeps and A. argyi, we devised a primer set that generated a SCAR marker of 254 bp. Fb (5Ј-CAT CAA CCA TGG CTT ATC CT-3Ј) was devised as a forward primer and R7 (5Ј-GCG AAC CTC CCC ATT CCA-3Ј) was devised as a reverse primer. Using the Fb/R7 primer pair, the expected amplified products, having a size of 254 bp, were generated from A. princeps and A. argyi. Meanwhile, no amplified products were generated from A. capillaris or A. iwayomogi (Fig. 5) . Therefore, we confirmed that the primer set can be utilized to amplify the SCAR marker for the discrimination of A. princeps and A. argyi from other Artemisia herbs. We subsequently tested whether the Fb/R7 primer set could efficiently amplify the SCAR marker in Aeyup handled in a dried state from a herbal market (Fig. 6) . From this result, no amplified products were generated in the specimens of Injinho and Haninjin but amplified products with a size of 254 bp were generated in specimens of Aeyup.
DISCUSSION
Although studies of the efficacy of A. princeps and A. argyi as medicinal herbs have been conducted, 16, 17) there has yet to be any reported study on the classification of any Artemisia herbs used as medicinal materials in Korea, China, and Japan.
In this study, using genetic markers, we attempted to discriminate objectively both A. princeps and A. argyi from other Artemisia herbs, particularly, A. capillaris and A. iwayomogi, as discrimination is otherwise subjective through a morphological approach. Since Artemisia herbs are used in the form of dried leaves as medicinal material, species-specific primers are needed, which is a single reaction step.
As shown in Fig. 1 , polymorphisms between Artemisia herbs were detected efficiently by RAPD analysis. The main causal factor for these polymorphisms could be the base substitution of the non-specific primer's binding sequences that exists in the genomic DNA of each Artemisia herbs sample. 13) However, the observed polymorphism may take place as a result of technical factors, such as differences in the concentrations of template genomic DNA and primers used for PCR. Also, we cannot exclude the possibility that several non-specific amplified products were generated by a relatively shorter 10-m primer used in the RAPD experiment. 14) Due to these causal factors, different patterns in RAPD could be detected between different samples of the same species of Artemisia plants. However, despite polymorphism between different specimens of the same species of Artemisia herbs, A. princeps and A. argyi were clearly discriminated from other Artemisia herbs in the phenogram (Fig. 2) . This phenogram, constructed from 11 RAPD analysis, and the RAPD marker were utilized to design a SCAR marker for the discrimination of A. princeps and A. argyi from other Artemisia herbs. In particular, primer 329 generated strong amplified products with a size of 838 bp from only A. princeps and A. argyi (Fig. 3) . To confirm whether the nucleotide sequences of the amplified products of A. princeps and A. argyi are homologous, and whether 838 bp products could be available for the development of the SCAR marker, we conducted nucleotide sequencing (Fig. 4) . As a result of comparing the sequences of 838 bp products from A. princeps and A. argyi, it was found that one bp gap (56th and 501st) existed in A. princeps and A. argyi, respectively, and among the total 838 bp compared, 23 bp showed differences. Thus, we Table 1 Constructed from RAPD Results Defined by 11 Non-specific Primers Showing Polymorphism Table 1 . M, 100-bp ladder.
confirmed that 97% homology exists between the primer 329 amplified products of A. princeps and A. argyi. Based on the similarity between the two PCR products, Fb and R7 primers generating a SCAR marker in A. princeps and A. argyi were devised. Since we speculated that the genomic DNA extracted from dried samples and used for the PCR template is likely to be fragmented, Fb and R7 were devised to amplify 254 bp, part of the amplified product of primer 329.
The nucleotide sequences of A. princeps and A. argyi by primer 329 were compared with other sequences deposited in the data bank. Part of the sequence of the amplified product from A. princeps was consistent with the sequences of a region of chromosome No. 4 in Arabidopsis (AL021711) and a region of chromosome No. 11 in Oryza sativa (AC135512), the functions of which were not identified. Meanwhile, some of the sequence of amplified products of A. argyi were consistent with the sequences of the region of the PIN promoter of Brassica juncea (AJ308229). Based on these observations, it is possible that the amplified products of primer 329 are not part of the ORF region.
As shown in Fig. 5 , while Fb and R7 generated 254 bp bands in A. princeps and A. argyi, no amplified products were generated in A. capillaris and A. iwayomogi. In the samples in dried states, as handled in Korean herbal markets, 254 bp bands were also generated only from Aeyup (Fig. 6) . Therefore, we confirmed that Fb and R7 could be used for the discrimination of Aeyup from Injinho and Hanjinho distributed in herbal markets, so as to prevent misuse between Artemisia herbs.
